Introduction
The cytochrome P450 family of enzymes plays a vital role in the metabolism of both endogens and exogenous molecules. Inter-individual variability in drug response and toxicity is accounted for by the variability in the activity of these enzymes. [1] Cytochrome P450 2D6 (CYP2D6) is a member of this family of enzymes. Over 50 drugs, including antiarrhythmics, antidepressants, b-adrenoceptor blockers, neuroleptics and opioids have been identified as substrates of CYP2D6. [1] Seventy four allelic variants and sub-variants have been reported in the CYP2D6 gene and the number is growing. [2] The genetic variations of alleles are classified into groups according to their enzyme activity. The enzymatic activity of the common alleles is as follows: Alleles *1 and *2 do not alter the activity of the enzyme. [3] Alleles *10, *17, *36 and *41 result in an enzyme, which has partially lost its enzymatic activity. [2, 3] Alleles 3, *4, *5, *6, *7, *8, *11, *12, *13 and *14, (called null alleles result in an enzyme, which has completely lost its activity. [2, 3] The clinical importance of the alleles is being increasingly recognized as they are known to cause alterations in drug clearance, response to drugs and side-effects.
The activity level of the CYP2D6 enzyme depends upon the combination of CYP2D6 alleles present in an individual. Depending on the activity of the INTRODUCTION: Cytochrome P450 2D6 (CYP2D6) enzymes are involved in the metabolism of a large number of commonly prescribed drugs such as antidepressants and cardiovascular drugs. The CYP2D6 *3, *4 and *14 variants associated with the loss of enzyme function; CYP2D6 *10 and *17 variants with reduced enzyme function; and CYP2D6 *2 variant with no effect on enzyme function. Establishing the frequency of these variant alleles in Sri Lankan population would be useful for optimizing pharmacotherapy with CYP2D6-substrate drugs. OBJECTIVE: The objective of this study was to determine the prevalence of CYP2D6 *2, *3, *4, *10, *14 and *17 variants in the main ethnic groups in the Sri Lankan population. MATERIALS AND METHODS: A total of 90 deoxyribonucleic acid (DNA) samples (30 each from Sinhalese, Tamils and Moors) were selected from a DNA resource at the Human Genetic Unit, Faculty of Medicine, University of Colombo. This collection had been made for population genetic studies from a random population based volunteers. Genotyping was performed using published polymerase chain reaction/ restriction fragment length polymorphism methods. RESULTS: The prevalence of the CYP2D6 variants in Sinhalese, Sri Lankan Tamils and Moors respectively were CYP2D6 *2: 37%, 41.6% and 37.9%; CYP2D6 *3: 60.3%, 45% and 30%; CYP2D6 *4: 21.6%, 6.6% and 8.3%; CYP2D6 *10: 40%, 35% and 44%. CYP2D6 *14 and *17 variants were not identified. CONCLUSION: CYP2D6 *3, *4 and *10 variants, which are associated with reduced or loss of CYP2D6 enzyme function were found in our population in significant frequencies. CYP2D6*4, which is reported to be a Caucasian variant was also found in all three ethnic groups. The EM phenotype results when an individual has two normal alleles. The UM phenotype results when there are more than two normal alleles, which can occur due to amplification of the CYP2D6 gene. [3] It is being increasingly recognized that dosage recommendations for the above mentioned classes of drugs, avoidance of side-effects and therapeutic failure, can be made based on the CYP2D6 genotype. [4, 5] On one extreme, PM have a higher risk of developing concentration-related side-effects and toxicity. On the other extreme, EMs is likely to experience therapeutic failure with drugs such as nortriptyline, tramadol, morphine and metoprolol. [1, 3] The functional impact of CYP2D6 alleles is known to be substrate dependent. [3] For example CYP2D6 *17, is generally considered as an allele, which reduces function, but it displays remarkable variability in its activity toward substrates such as dextromethorphan, risperidone, codeine and haloperidol. [3] The distribution of these alleles in various world populations is not uniform. Some of these alleles are reported to be population specific: allele *10 is found in Asians; [6] allele *17 is found in Africans; [7] and allele *4 is found in Caucasians. [8] A previous study in a Sinhalese population in Sri Lanka, in the early 1990s, reported on the frequency of a limited number of variations in the CYP2D6 gene. [4] Since then, knowledge in this field, including the nomenclature used to refer to the variations has advanced greatly and a fresh examination of the prevalence of these variations in Sri Lanka would be timely. The objective of this study, therefore, was to determine the prevalence of the CYP2D6 *2, *3, *4, *10, *14 and *17 alleles in Sinhalese, Sri Lankan Tamils and the Moor in the Sri Lankan population. Genotypes were determined the based on the size of the respective DNA fragments.
Materials and Methods

Subjects
Statistical analysis
Allele frequencies were calculated and tested for Hardy-Weinberg equilibrium. Chi-square test was used to compare allele frequencies between populations. P < 0.05 was considered to be significant.
Results
The allele frequencies in the different ethnic groups are summarized in Table 1 .
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The commonest allele in the Sri Lankan population was the *3 null allele, which has no enzymatic activity (44.9%).
This was most prevalent among the Sinhalese (60.3%).
The second most common allele was the *10 allele, which confers reduced enzymatic activity (39.3%). This was most prevalent among the Moors (44%). The null allele *4 also occurred at a frequency of 12.2%. The difference in the frequency of the alleles between the three major ethnic groups in the Sri Lankan population was not significant. Table 2 compares CYP2D6 allele frequencies among the Sri Lankans and some other populations.
Discussion
In this study, we set out to determine the prevalence of different alleles of the CYP2D6 gene in the Sri Lankan population. Since the number of CYP2D6 alleles is large we selected six key polymorphisms, which are most prominent in other major populations for analysis. One main observation made when comparing our results with those reported in a South Indian population was the high prevalence of *3 in all three ethnic groups in Sri Lanka, which is absent in the South Indian population.
Even though there is a higher prevalence of enzyme inactivation alleles seen in the Sinhalese, phenotypically, the prevalence of PM phenotype is low (0-2%). [4] This is probably due to the heterogeneity of the CYP2D6 wild type. However, this warrants further studies with phenotypic-genotypic correlation in Sri Lankan subjects.
It is interesting to consider our results in the light of the different geographic origins of the major ethnic groups that form the Sri Lankan population. The Sinhalese are probably the descendants of the original inhabitants of the Island, but their origin is also traced to Northern India. However, there is disagreement as to whether they came originally from the North West or North East part of India. [14] A phenotypic study carried out in people living in Bombay, which is the North West part of India shows low prevalence (3%) of the PM phenotype. [15, 16] The Sri Lankan Tamils are the descendants of Tamils from South India who came to the Island and settled down at various times in the past when Sri Lanka was invaded by South Indian rulers. The Moors are the descendants of Arab traders. There is a higher prevalence of UM and EM alleles among the Arab population [17, 18] and the prevalence of null alleles is low. [13] The *3 allele is absent in South Indian Tamils, the presence of the *3 allele among a large proportion of Sri Lankan Tamils to the point where it is almost reaching the high frequency observed in Sinhalese probably suggests that there has been considerable admixture between these two populations following migration from South India. This is supported by the results of blood group genetic marker [3] Chinese [9] Japanese [10] European [11] Caucasian [12] Saudi Arabs [ analysis, which also have not revealed any difference between the Sinhalese and Tamils. [12] This is further supported by the high prevalence of *2 and the absence of the *14 and *17 alleles in all the ethnic groups.
The *10 allele, considered an Asian specific allele, occurs in our population as frequently as in Japanese. [5, 10] However the presence of *3 allele, which is not reported in Asian populations and the presence of the Caucasian specific *4 allele in a higher frequency compared with other Asian populations [2, 6, 9, 13] are unique features of the frequency of these alleles in the Sri Lankan population found in this study. These findings are not surprising because Sri Lanka is an island nation, located at the center of the ancient naval route between the East and West, and thereby visited by many traveller, as well as invaded by Europeans from the 16 th century onwards resulting in gene admixture.
Interestingly the absence of the African specific *17 allele in Sri Lankans suggest that there has been no gene admixture from populations of African descent. [8] This is again supported by the absence of significant African links with Sri Lankans in the past.
In summary, the most prevalent allele in the Sri Lankan population is the loss of function *3 allele, which is not present in the South Indian population. The *10 allele, which causes partial loss of enzyme activity was seen in 39% of Sri Lankans compared to only 10% in South Indians and the other loss of function allele *4, which is a Caucasian specific allele was found in 12% of our population. Therefore, a high percentage of Sri Lankans carry enzyme inactivation alleles of the CYP2D6 gene.
This warrants prescription of smaller doses of drugs metabolized through CYP2D6 enzymes when such drugs are prescribed. This observation would be useful when formulating drug dosage guidelines for the Sri Lankan population. A phenotypic study of CYP2D6 enzyme activity in Sri Lankan population will further confirm these findings.
